ORGANIC chemistry has developed as an important field of research mainly due to its role in drug discovery and for the chemical industry 1 . It has always been an important area of research in chemical sciences in India. Beside the government-funded research agencies and academic institutions (universities and colleges), several privatefunded R&D institutions in India are also involved in carrying out research in organic chemistry. Based on the journals indexed by Scopus database during 1987-2002, chemistry research in India constitutes about 6% of world research output in chemical sciences and the share of organic chemistry in this is the highest among all branches of chemical sciences 2 . Scientometrics is a valuable technique for evaluation of research performance of a country or a group of countries or institutions and disciplines. Several scientometric studies dealing with different aspects of organic chemistry research in India have been reported in the literature. For instance, Guay 3 studied the emergence of organic chemistry research in India during 1907-1926 using Chemical Abstracts and found that India has a long history of chemical investigations and chemistry is the most popular discipline followed by mathematics and physics. In a study on cross-national assessment of specializations in chemistry, Nagpaul and Pant 4 also found organic chemistry as a strong area of research in the chemical sciences in India. Scientometric assessment of Indian organic chemistry research during 1970s and 1980s by Karki and Garg 5 also showed that its impact has improved during the 80s compared to the 70s. Karki et al. 6 also explored the activity and growth of organic chemistry research in India during 1971-1989 using Chemical Abstracts and observed that it matched precisely with that of the world during the period [1971] [1972] [1973] [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] [1987] [1988] [1989] . In a bibliometric study, Karki and Garg 7 found that alkaloid chemistry research performed in India was well connected to the mainstream science based on the communication pattern of publications and their citations in the international literature. Kumari 8 analysed research output and citation impact in synthetic organic chemistry (SOC) research for a group of countries and found that China out-performed India in terms of the absolute citations as well as relative citation impact. Jain et al. 9 and Garg et al. 10 examined the impact of the funding by Science and Engineering Research Council (SERC) of the Department of Science and Technology (DST), New Delhi on research in chemical sciences. Recently, Salini et al. 11 compared Indian output in organic chemistry with leading countries of the world and found that the pattern of growth of Indian organic chemistry research was similar to that of the world research output. Nishi et al. 12 examined the visibility and impact of the Indian Journal of Chemistry, Section B during 2005-2009 and made certain suggestions to improve the same. Following this study, Nagaiah and Srimannarayana 13 analysed Indian papers published in national and international journals in organic chemistry during 2011-2013 and found that Indian scientists prefer to publish in higher ranking international journals, neglecting the Indian journals. The present study examines the status of doi: 10.18520/v109/i5/869-877 research in organic chemistry and its sub-disciplines in India during 2004-2013 in terms of the publication output and its impact as judged by the number of citations received by these papers.
Objectives of the study
The focus of the study is on the following aspects:
 To examine the distribution of output and its impact in different sub-disciplines of organic chemistry.  To examine the pattern of growth of the research publications output during 2004-2013.  To examine the distribution of output by performing sectors like academic institutions and governmentfunded R&D institutions.  To identify the most prolific research institutions in the field of organic chemistry in India and their citation impact.  To identify the most prolific Indian authors and the impact of their research output.  To examine the communication pattern of Indian researchers in terms of publishing country of journals and their impact factor and to list the most preferred journals.  To examine the pattern of citations and identify the highly cited papers.
Methodology
The source of data for the present bibliometric study is Thomson Reuters' Web of Science (WoS). We downloaded all articles published by Indian authors from WoS for the years 2004-2013 in the last week of December 2014 using the search interface 'address'. Using the 'analyze' command available in WoS, we culled out 17,614 records from the downloaded data that belonged to the subject category of organic chemistry. 'Search within results' tag was used for downloading data for 11 subdisciplines of organic chemistry from the downloaded data. The data so downloaded were analysed using MS Excel. The downloaded data included name of all authors with their affiliations, name of the journal with its place of publication, type of publications and citations obtained by each. The data were later enriched with the impact factor of the journals and performing sector to which the institution belonged (academic, research agency, or private). Each record was standardized for its affiliations, as there were variations in it.
Bibliometric indicators used
We have used the total number of publications (TNP), total number of citations (TNC), citations per paper (CPP) and relative citation impact (RCI) as measures of output and impact. The values of TNP and TNC were directly obtained from the downloaded data. CPP is a relative indicator computed as the average number of citations per paper. It has been widely used in bibliometric studies to normalize the large disparity in the volume of published output among disciplines, countries and institutions for a meaningful comparison of research impact. RCI is a measure of both the influence and visibility of a nation's research in the global perspective. It is defined as 'a country's share of world citations in the subspecialty/country's share of world publications in the subspecialty'. RCI = 1 denotes that a country's citation rate is equal to world citation rate; RCI < 1 indicates that a country's citation rate is less than the world citation rate and also implies that the research efforts are higher than its impact; and RCI > 1 indicates that a country's citation rate is higher than the world's citation rate and also implies high-impact research in that country. Here CPP and RCI have been used for a meaningful comparison of the impact of the research output for different subdisciplines, prolific institutions and authors.
Results and discussion
During 2004-2013, Indian scientists published 17,614 articles on different aspects of organic chemistry and its sub-disciplines. Of these, 16,988 (96.4%) were research articles published in journals followed by reviews (269) and conference papers published as journal articles (87). These three types of documents together constitute 17,344 (98.5%) of the research output. Remaining 1.5% records were scattered as editorials (130), corrections (106), book reviews (13), letters (11) and biographies (10) and have not been included in the final analysis. We have analysed 17,344 papers which were published as journal articles, reviews and conference papers published as journal articles, as these constitute the main channels of communication in science. The following paragraphs describe the findings of the study on different parameters.
Distribution of output by sub-disciplines of organic chemistry and its impact
The entire output in organic chemistry was classified into 12 sub-disciplines. The sub-fields are based on the classification used by Chemical Abstracts. Table 1 gives the output and impact of Indian research output in terms of TNC, TNP, CPP and RCI for different sub-disciplines of organic chemistry research. The output in different subdisciplines is about 45% of the total output and the rest 55% is in general/physical organic chemistry. The average value of CPP for the entire Indian output is 11.7. Of the 12 sub-fields listed in Table 1 , it can be observed that nine sub-fields have higher CPP value than the average for Indian output. The three fields which have a lower CPP value are benzene compounds, steroids and general/physical organic chemistry. The lowest value of CPP is for the sub-disciplines of steroids. The value of CPP is significantly higher than the Indian average for the subdisciplines of aliphatic compounds, organometallics and alicyclic compounds. The values of RCI also follow similar trends for different sub-disciplines.
Pattern of growth during 2004-2013
Figure 1 depicts the pattern and annual growth rate of the output. It indicates that the Indian output in organic chemistry has grown continuously during the period of study, except in 2008. However, the annual rate of growth is inconsistent and has fluctuated during the period of study. The compound annual growth rate (CAGR) (calculated using the formula available at www.investopedia.com/ calculator/cagr.aspx) was found to be 3. 
Distribution of output by performing sectors

Prolific institutions and its impact
Total output came from 867 institutions located in different parts of India. 
Prolific authors and the impact of their research output
Total output was produced by more than 24,000 Indian authors. Table 4 lists 33 authors who published 50 or more papers. These authors produced 3408 (19.6%) of the total output and received 46,672 (22.9%) of the total citations. These prolific authors belonged to 21 different institutions. Highest (9) number of authors was from CSIR-IICT, Hyderabad followed by CSIR-NCL, Pune (3), JNTU and Kakatiya University (2 each). Of the 33 authors listed in Table 4 , one-third (11) had CPP and RCI lower than the Indian average. It indicates that the impact of the research produced by these 11 authors is not commensurate with their output as the value of RCI is less than 1. Among these authors, the lowest CPP and RCI were for Dubey Pramod Kumar of JNTU and Mogilaiah, K. of Kakatiya University. The values of CPP and RCI were highest for Ranu, Brindaban C. of DST-IACS, Kolkata followed by Kantam, M. Lakshmi of CSIR-IICT.
Communication pattern of researchers
The communication pattern of the Indian researchers has been examined using two different indicators. These are the publishing country of journals where the research results were published and impact factor (IF) of these journals, which were obtained from Journal Citation Reports 2012. Journals published from the advanced countries of the West command more respect and mainstream connectivity compared to those published from India or other developing countries. Impact factor is an indicator of the reputation of a journal. Papers published in journals with higher IF by and large have more credit than those published in journals with low IF. The findings based on these two indicators have been described below.
Domestic versus international journals
Analysis of data on papers published in organic chemistry and its sub-disciplines by Indian scientists indicates that these papers were scattered in 62 journal titles published from abroad and two journal titles published from India. Table 5 presents the analysis of data for the distribution of output in domestic and international journals. It indicates that about 15.5% of the papers were published in domestic journals and the remaining 84.5% appeared in journals published from abroad, which includes both developed as well as developing countries. Among the journals published abroad, the highest number of papers (44%) appeared in those originating from the UK, followed by USA (23.5%). This indicates that more than two-thirds (67.4%) of the papers published by Indian scientists in organic chemistry and its sub-disciplines appeared in journals published from these two scientifically advanced countries of the West. The preference for publishing papers in organic chemistry is similar to the publishing trend for the entire Indian scientific output. However, in the latter case US journals are the most preferred for publishing 14 , unlike organic chemistry where the journals published from the UK are preferred. This also corroborates the findings of Nagaiah and Srimannarayana 13 that Indian scientists prefer to publish in international journals. Remaining 32.6% papers appeared in journals originating from other developed and developing countries. Of these, about half appeared in the Indian Journal of Chemistry, Section B and Indian Journal of Heterocyclic Chemistry. From the pattern of publishing country of journals where Indian scientists published, it can be inferred that the Indian scientific output in organic chemistry is well connected to the mainstream science as more than two-thirds of the papers were published in journals originating from two most scientifically advanced countries of the West. Other remaining 37 journals publishing less than 100 articles 963
Grand total 17,344 *Impact factor rounded-off to the nearest whole number.
Distribution of papers according to impact factor
The analysis indicates that the average impact factor of journals where the papers were published is 2.1. Based on the average value, authors divided the impact factor into four categories: 0-1 (low), >1 to  3 (medium), > 3 to  5 (high) and > 5 (very high). Distribution of output according to the range of impact factor is given in Table 6 , which indicates that about one-fifth (21.9%) of the papers are published in low impact factor journals. Of these, 15.5% of the papers appeared in two Indian journals which have an impact factor less than 1. More than half (61.4%) of papers has been published in medium impact factor journals and the rest (17.4%) in high and very high impact factor journals. Based on this parameter also, one can infer that Indian organic chemistry output is well connected to the mainstream science as more than threefourths (78%) of the published papers appear in medium, high and very high impact factor journals. Table 7 lists journals most preferred by Indian scientists for publishing their results in organic chemistry and its sub-disciplines along with the name of publishing country and impact factor for 2012. Of the 27 journals listed in Table 7 , about one-third (9) from the UK, seven each are from USA and Germany, two each from India, and one each from Switzerland and the United Arab Emirates (UAE).
Citation analysis of output
Citation rates reflect the impact of published work on the international community. Citation counts of authors or a group of authors or an institution indicate the influence or visibility of individuals or groups or institutions. High levels of citation to a scientific publication have been interpreted as signs of scientific influence, impact and visibility. An author's visibility can be measured by finding how often his/her publications have been cited in other publications. The impact of research can thus be assessed by making citation counts of the articles received over a period of time. Table 8 presents the distribution of citations received by papers during 2004-2014. Of the total papers published by Indian scientists in the discipline of organic chemistry and its sub-disciplines, only a small proportion (11.2%) did not get any citation and the rest was cited one or more times. Of the total cited papers, about half (46.25%) was cited between 1 and 5 times and 18.8% was cited 6-10 times. Thus, about two-thirds (65%) of the papers were cited between 1 and 10 times. Remaining (35%) was cited more than 10 times. Of these, the proportion of papers that received more than 50 citations was approximately 3%. Based on the pattern of citations also, one can infer that the Indian scientific output in organic chemistry and its sub-disciplines is well connected to the mainstream science as more than half (54%) of the papers was cited more than five times. 
Highly cited authors
Conclusion
Based on the above scientometric analysis of organic chemistry and its sub-disciplines we can conclude the following:
1. Highest number of papers were published in the subdiscipline of aliphatic compounds and it was also the sub-discipline of highest impact in terms of CPP and RCI. 2. The annual rate of growth fluctuated during the period of study, though the output was seen to grow continuously during the period of study. 3. Though academic institutions published the highest number (46.6%) of papers, CSIR made the highest impact as it had the highest number of prolific institutions, prolific authors and highly cited papers.
4. CPP for the entire Indian organic chemistry research output was 11.7. Low values of CPP and RCI for the University of Rajasthan, JNTU and Kakatiya University indicate that the impact of research in these institutions is not commensurate with their output. 5. Based on the distribution of published papers in journals by country, their impact factor as well as the pattern of citations of papers, it can be inferred that the research papers published in organic chemistry and its sub-disciplines form a part of the mainstream science.
